Terrestrial ecosystem gross primary production (GPP) is the largest component in the global 36 carbon cycle. The enhanced vegetation index (EVI) has been proven to be strongly correlated 37 with annual GPP within several biomes. However, the annual GPP-EVI relationship and 38 associated environmental regulations have not yet been comprehensively investigated across 39 42 following removal of values affected by snow or cold temperature and without calculating 43 growing season duration. Through categorisation of flux sites into 12 land cover types, the 44 ability of iEVI to estimate GPP was considerably improved (R 2 from 0.62 to 0.74, RMSE 45 from 454.7 to 368.2 g C m -2 yr -1 ). The biome-specific GPP-iEVI formulae generally showed 46 3 a consistent performance in comparison to a global benchmarking dataset (R 2 = 0.79, RMSE 47 = 387.8 g C m -2 yr -1 ). Specifically, iEVI performed better in cropland regions with high 48 productivity but poorer in forests. The ability of iEVI in estimating GPP was better in 49 deciduous biomes (except deciduous broadleaf forest) than in evergreen due to the large 50 seasonal signal in iEVI in deciduous biomes. Likewise, GPP estimated from iEVI was in a 51 closer agreement to global benchmarks at mid and high-latitudes, where deciduous biomes 52 are more common and cloud cover has a smaller effect on remote sensing retrievals. Across 53 biomes, a significant and negative correlation (R 2 = 0.37, p < 0.05) was observed between the 54 strength (R 2 ) of GPP-iEVI relationships and mean annual maximum leaf area index (LAImax), 55 and the relationship between the strength and mean annual precipitation followed a similar 56 trend. LAImax also revealed a scaling effect on GPP-iEVI relationships. Our results suggest 57 that iEVI provides a very simple but robust approach to estimate spatial patterns of global 58 annual GPP whereas its effect is comparable to various light-use-efficiency and data-driven 59 models. The impact of vegetation structure on accuracy and sensitivity of EVI in estimating 60 spatial GPP provides valuable clues to improve EVI-based models. 61 62 Land cover types; Leaf area index 64 65 67 atmosphere through vegetation photosynthesis (Beer et al., 2010). Vegetation GPP is a key 68 component of the terrestrial carbon balance and is of fundamental importance to human 69 society because plants provide food, fiber and wood supply and also contribute to the 70 4 production of environmental conditions suitable for human habitation (Melillo et al., 1993; 71 Xiao et al., 2005; Zhao et al., 2005). Therefore, continuous monitoring and accurate 72 estimation of GPP is required to ensure the long term security of terrestrial ecosystem 73 services and to address issues pertaining to the global carbon cycle including determination 74 of the size of the terrestrial carbon sink, prediction of vegetation dynamics, and management 75 of forests and grasslands (Ciais et al., 2005; Ma et al., 2013; Sims et al., 2006b). 76 GPP can be calculated as the sum of vegetation assimilated carbon flux, partitioned from net 77 carbon exchange measured at eddy covariance (EC) tower sites (Baldocchi et al., 2001; 78 Reichstein et al., 2007), but such observations are limited, both temporally and spatially. 79
biomes at the global scale. Here we explored relationships between annual integrated EVI 40 (iEVI) and annual GPP observed at 155 flux sites, where GPP was predicted with a log-log 41 model: ln( ) ln( ) GPP a iEVI b    . iEVI was computed from MODIS monthly EVI products 1. Introduction 66 Terrestrial gross primary production (GPP) is the amount of carbon captured from the (Jung et al., 2009; Jung et al., 2011) . GPPMTE constitutes a benchmark for 198 global FLUXNET up-scaling that has been used as a baseline for evaluating land surface 199 models and estimating global CO2 uptake (e.g., Beer et al., 2010; Bonan et al., 2011) .
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However, GPPMTE has its own weakness, specifically for estimates of GPP in high-
201
production croplands (Guanter et al., 2014) . Mean annual GPPMTE was calculated at a spatial 202 resolution of 0.5º for the years 1982-2008. The same grid was also applied in our global GPP 203 estimation. EVI is widely used as a proxy of canopy "greenness" to address spatial and temporal 208 variations in terrestrial photosynthetic activity (e.g., Huete et al., 2002; Ma et al., 2013) . EVI 209 is defined as (Huete et al., 1997) : 
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It is difficult to precisely co-locate the pixels that directly correspond to the footprint of an Kondrashov and Ghil, 2006; Ma et al., 2013; Wang and Liang, 2008) . The SSA technique 245 consists of two complementary stages: decomposition and reconstruction (Hassani, 2007) .
246
The one-dimensional time series 
Biome-specific relationships between GPP and iEVI 340
There was considerable variation among the 12 individual biome types in the regression 341 relationships between GPPEC and iEVI (Fig. 3) . The poorest performance of iEVI in estimating GPPEC was observed in wetlands in raw regression (R 2 = 0.11, p < 0.05, RMSE = 343 297.2 g C m -2 yr -1 ) and in cross validations ( broadleaf forests, and evergreen broadleaf forests (Fig. 3) . Meanwhile, we calculated the 347 anomalies (by subtracting the mean value) of GPP and iEVI within each biome and 348 investigated correlations between GPP anomaly and iEVI anomaly using linear regressions.
349
Except for the wetlands, GPP anomaly and iEVI anomaly showed moderate to strong 350 correlations within biomes ( Figure S1 ). This result was consistent with our non-linear models 351 using GPP and iEVI themselves (Figure 3 ). Further, cross-validations revealed that the GPP- and narrow iEVI spectrum, but GPPEC of the former was more sensitive (larger slope) to iEVI.
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Among forested biomes, GPPEC of evergreen broadleaf forest was less sensitive to iEVI than 362 evergreen needle-leaf forests. Likewise, GPPEC of deciduous broadleaf forests was less 363 sensitive to iEVI than deciduous needle-leaf forests. GPPEC of grasslands and savannas, both 364 of which are grass-dominated biomes, exhibited similar responses to iEVI. Although the 365 range of GPPEC and iEVI values differed substantially among mixed forests and woody savannas had a much smaller RMSE (Fig. 3) . Estimated GPP based on the biome-specific GPP-iEVI formulae at all sites were then 380 compared with observed GPPEC (Fig. 4) . The relationship between GPPiEVI and GPPEC was 381 significantly strengthened relative to the regression obtained without biome partitioning ( Fig.   382 2) with increased R 2 (from 0.62 to 0.74), larger slope (from 0.538 to 0.723), decreased RMSE 383 (from 454.7 to 368.2 g C m -2 yr -1 ) and smaller intercept (from 492 to 295). There was a large 384 dispersion of points around the linearly fitted function, but these points were mainly obtained The set of biome-specific GPP-iEVI relationships were applied to the global data of iEVI and 393 IGBP land cover types. Per-pixel comparison between GPPiEVI and GPPMTE demonstrated the 394 consistency of biome-specific GPP-iEVI models when up-scaling GPP from the site to global
